Immunocytochemical localization of short-chain family reductases involved in menthol biosynthesis in peppermint.
Biosynthesis of the p-menthane monoterpenes in peppermint occurs in the secretory cells of the peltate glandular trichomes and results in the accumulation of primarily menthone and menthol. cDNAs and recombinant enzymes are well characterized for eight of the nine enzymatic steps leading from the 5-carbon precursors to menthol, and subcellular localization of several key enzymes suggests a complex network of substrate and product movement is required during oil biosynthesis. In addition, studies concerning the regulation of oil biosynthesis have demonstrated a temporal partition of the pathway into an early, biosynthetic program that results in the accumulation of menthone and a later, oil maturation program that leads to menthone reduction and concomitant menthol accumulation. The menthone reductase responsible for the ultimate pathway reduction step, menthone-menthol reductase (MMR), has been characterized and found to share significant sequence similarity with its counterpart reductase, a menthone-neomenthol reductase, which catalyzes a minor enzymatic reaction associated with oil maturation. Further, the menthone reductases share significant sequence similarity with the temporally separate and mechanistically different isopiperitenone reductase (IPR). Here we present immunocytochemical localizations for these reductases using a polyclonal antibody raised against menthone-menthol reductase. The polyclonal antibody used for this study showed little specificity between these three reductases, but by using it for immunostaining of tissues of different ages we were able to provisionally separate staining of an early biosynthetic enzyme, IPR, found in young, immature leaves from that of the oil maturation enzyme, MMR, found in older, mature leaves. Both reductases were localized to the cytoplasm and nucleoplasm of the secretory cells of peltate glandular trichomes, and were absent from all other cell types examined.